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Value of the data {#sec0001a}
=================

•Transient Electromagnetic (TEM) Method was applied to improve the quality of the data and the depth of investigations whilst prospecting for regional groundwater management with potential for abstraction.•The data helped to delineates the existence of subsurface structural features thereby providing information on the geology, geometry and the geoelectrical properties of the rocks underlain the region that are beneficial to Agriculturists; Climatologists; Engineers; Environmentalists; Geoscientists, Hydrologists and Policy formulation officers.•The data helped to identify uncharacteristic subsurface features in relation to the general background and correlated well with the local ground geological conditions for further insights into the climatic issues affecting the hydrological conditions and the people of the region.•The data is useful for quick assessment; planning; policy formulations, and well-thought-out decisions on the environmental and hydrological challenges as regards flooding and other climate related issues devastating the region.•The geophysical surveys are uncomplicated, non-expensive, required no galvanic coupling with the ground, thereby makes the adopted preference technique better and faster which could be applied in any part of the world.

1. Data description {#sec0002a}
===================

Subsurface geological conditions have high impacts on the engineering structures established at the earth\'s surface. Consequently, successful land-use planning of new engineering or urban projects relies on the accurate determination of near-surface structures. The changes of the magnetic field produced across an electrically conductive system create a magnetic induction that also produces a potential difference known as an electromotive force "EMF" across its terminals. This process is called an Electromagnetic (EM) induction [@bib0001].

The depth penetration was modeled using the cross-sections based on the position of the deepest penetrating point at each observed station along with the survey lines, [Fig. 1](#fig0001){ref-type="fig"}. Inversion or pseudo sections were generated using the horizontal distance along with the survey lines and the depth of penetration, together with the topographic correction [@bib0002], [@bib0003]. The target depth of investigation is slightly more than 350 m. The selected loop size of 100 m x 100 m produced both high signal to noise ratio with deeper depth penetration as shown in the final model obtained as the study sites could be seen to be underlain by relatively low resistivity and high conductive rock bodies that possibly represent the bedrock with thick alluvium deposit, as shown in [Fig. 2](#fig0002){ref-type="fig"}, (conductivity distribution in mS/m), and [Fig. 3](#fig0003){ref-type="fig"}. (the resistivity in Ohm-m with the corresponding conductivity distribution in mS/m), observed to be dominantly concentrated towards the southwest and the northern part of the area.Fig. 1Geological map of the data area, and distributions of the Transient electromagnetic (TEM), survey station points.Fig. 1Fig. 2A typical cross section of the subsurface conductivity data distributions along with the survey line.Fig. 2Fig. 3A typical cross section of the subsurface resistivity (a), and its corresponding conductivity (b), data distributions along with the survey line.Fig. 3

The Global Positioning System (GPS) was used to record the coordinates of each station location, as shown in [Fig. 1](#fig0001){ref-type="fig"}. A total of 200 stations were covered and arranged in grids of approximately 3 km to 5 km within the study area as presented, in the raw data and supplementary data files. The raw data are presented in one dimensional plots of the depths (m) against the subsurface conductivity (mS/m), as a word document file formats for the survey stations A to H. The GPS data in Easting and Northing, the survey positions with their corresponding depths, and conductivity values recorded, are presented in the Excel format for the profiles A to I. Supplementary files of the pre-processed data for spike removal, are presented in the Excel format, and labeled as JENKA A1 to H1. The processed data are presented as 2-D pseudo-sections in JPEG file format. [Fig. 7](#fig0007){ref-type="fig"}, [Fig. 8](#fig0008){ref-type="fig"}, [Fig. 9](#fig0009){ref-type="fig"}, [Fig. 10](#fig0010){ref-type="fig"}, showed the processed conductivity distributions data recorded with their corresponding resistivity values for the various depths. Hence, all the data are hereby deposited with this article.

The conductivity data recorded in [Fig. 2](#fig0002){ref-type="fig"}, varied from -20 to about 440 mS/m at a maximum depth of about 375 m. However, the resistivity data recorded in [Fig. 3](#fig0003){ref-type="fig"}, varied from 0 to 1000 Oh-m at a maximum depth of about 250 m. Massive subsurface sandstone was recorded as indicated.

Along with each profile as presented in the raw and supplementary data files, the 2-D models generated showed different depths of penetration depending on the rate at which the electromagnetic wave propagated into the subsurface stratum that could be demonstrated by the depth of absorption point at each station of measurements. This effect is known as the Skin depth in electromagnetic surveys [@bib0004].

2. Experimental Design, Materials, and Methods {#sec0003}
==============================================

Experimental Design {#sec0004}
-------------------

The parameters used for the EM data collection are 100 m x 100 m single loop coil for both the Tx and the Rx to produce a total surface area coverage of 10,000 m^2^ loop coil per survey. The total area covered in this study stretched across an average area of 1200 Km^2^, (i.e., 30 km x 40 km), [Fig. 4](#fig0004){ref-type="fig"}. Both the Tx and Rx fitted with a resistor and connected to TerraTEM equipment for the data collection. A 24V, 45 Amp-hour battery was used to power the Equipment. A 3 point average sampling method was adopted for the data collection at each station to ensure data accuracy and consistency as presented in the supplementary files.Fig. 4The experimental layout of TEM surveys showing the Transmitter and Receiver Loops.Fig. 4

The presence of subsurface conductive bodies below the receiver loop would be detected and recorded differently from the Tx primary and secondary fields in terms of the direction, intensity, phase, and orientations. The second stage of the data processing, as shown in the flow chat ([Fig. 5](#fig0005){ref-type="fig"}), involved sorting and compilation of the sounding data in 1-D format. Thereafter, the data was processed to generate the 2-D and 3-D datasets using geostatistical applications that utilized the Kriging interpolation techniques. The Oasis Montaj source parameters from Geosoft Inc. and Surfer software [@bib0005], [@bib0006], were used to reprocess and produced datasets in the forms of contour maps and pseudo-sections of the subsurface conductivity and resistivity of the stratum as shown in [Fig. 6](#fig0006){ref-type="fig"}, [Fig. 7](#fig0007){ref-type="fig"}, [Fig. 8](#fig0008){ref-type="fig"}, [Fig. 9](#fig0009){ref-type="fig"}, [Fig. 10](#fig0010){ref-type="fig"}, with other figures as presented in the supplementary data files. The Kriging interpolation geostatistical techniques [@bib0007], was selected for the generations of 2-D and 3-D data maps because of its twofold advantages of given better-estimated values in points or positions where data was not adequately covered or omitted by balancing the data clusters thereby providing efficient overall predictions to produce high-quality data maps as the output.Fig. 5Flow chart showing stages and steps in the data processing and analysisFig. 5Fig. 6Map of the study area showing integration of the subsurface geology and the TEM anomalies.Fig. 6Fig. 7Map of the study area showing the surface conductance distributions in mS/m.Fig. 7Fig. 8Map of the study area showing the surface resistivity distributions in Ohm-m.Fig. 8Fig. 9Map of the study area showing the conductance distributions in mS/m at a depth of 50 m.Fig. 9Fig. 10Map of the study area showing the resistivity distributions in Ohm-m at a depth of 50 m.Fig. 10

3. Materials and Methods {#sec0006}
========================

The transient electromagnetic (TEM) techniques utilize a non-continuous primary field consisting of series of pulses separated by periodic time measurements when current passes through the transmitter (Tx) loop in milliseconds time domain as shown in [Fig. 4](#fig0004){ref-type="fig"}. The passage of current in the loop set up a primary magnetic around the conducting loop. After the supply is cut off, the presence of the primary magnetic field as a result of the magnetic induction dies off exponentially, which is termed transient. Hence, the magnetic field travels outwardly and downward from the loop with time interval at a velocity, which depends primarily on the conductivity of the subsurface geologic structures underlain the area covered by the loop [@bib0008].

The receiver (Rx) loop placed at the centre of the transmitter (Tx) loop, measures the rate of change of the magnetic field per time, which traverses the loop in volts per the transmitted current. The variations between Tx and Rx fields delineate the existence of subsurface conductive structures, thereby providing information on its geometry and the electrical properties. The eddy current produces its own alternating secondary EM fields which travel through the subsurface conductive structures and back to the receiver loop.

The topography of the area is relatively gentle and hilly with surface heights that ranged between about 200 m and 900 m above the mean sea level and flanked northeast of the Picnic Forest area with some areas recorded heights below 200 m around the Jengka Reserve Forest.

The conductivity data distributed within the subsurface stratum as presented in [Fig. 7](#fig0007){ref-type="fig"}, ranged between 0 and 145 mS/m, while the corresponding resistivity distributions data showed in [Fig. 8](#fig0008){ref-type="fig"}, varied from 0 to 250 Ohm-m. The other profile data are as presented in the supplementary data files.

Similarly, [Fig. 9](#fig0009){ref-type="fig"} and [Fig. 10](#fig0010){ref-type="fig"}, showed the conductivity distributions data recorded and the corresponding resistivity distributions data at a depth of 50 m, respectively. The respective values recorded varied from 0 to about 145 mS/m for the former, and about 0 to 250 Ohm-m for the later. Details of the depths at 100 m, 150 m, and 200 m are as presented in the supplementary data files.
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